Production of secondary metabolites in cultured plant cells of Phytolacca americana was investigated. Three compounds, i.e., ferulic acid, methyl ferulate, and ferulic acid glucopyranosyl ester, were isolated from cultured P. americana cells.
Plant cell cultures are ideal systems for propagating rare plants and for studying the biotransformation of various organic compounds as a target in the biotechnological application of plant cell culture systems [1, 2] . With the cultured plant cells, only few examples of cultured plant cells could produce secondary metabolites [3] [4] [5] , due to de-differentiation and rapid growth. The mechanisms of expression of the activity in secondary metabolic pathways in plant cell cultures should be elucidated in order to overcome the difficulty in the production of useful secondary metabolites using cultured plant cells. Also the experimental system, in which the activity of secondary metabolic pathways is expressed in a cell culture under defined conditions, must be established.
Herein, we report, for the first time, the production of three compounds, i.e., ferulic acid, methyl ferulate, and ferulic acid glucopyranosyl ester, in cultured plant cells of Phytolacca americana.
Extraction of compounds from cultured plant cells of Phytolacca americana was carried out as described in Experimental. HPLC analysis showed that compounds 1 and 2 existed in the ethyl acetate fractions. Only compound 3 was found in the n-BuOH fraction by HPLC analysis. These three compounds were isolated by preparative HPLC. The chemical structure of the compounds 1-3 was determined on the basis of ESIMS, 1 H and 13 C NMR, and COSY NMR spectra. The products 1-3 were identified as ferulic acid (1), methyl ferulate (2), and ferulic acid glucopyranosyl ester (3) (Figure 1 ). The yield of these compounds 1-3 were as follows: 1, 3 g/g fr. wt; 2, 17 g/g fr. wt; 3, 170 g/g fr. wt.
Thus, it was demonstrated that cultured plant cells of P. americana synthesize three secondary products. These compounds were identified as ferulic acid, methyl ferulate, and ferulic acid glucopyranosyl ester. The highest yield was found for ferulic acid glucopyranosyl ester, followed by methyl ferulate and ferulic acid. Studies on effects of the plant hormones for the yield of the secondary products synthesized in cultured P. americana cells are now in progress in our laboratory. 
Experimental
General: Ferulic acid used as an authentic sample was purchased from Wako Pure Chemicals Co. and was used without further purification. The cultured plant cells of P. americana were subcultured at 4-week intervals on solid medium containing 2% glucose, 1 ppm 2,4-dichlorophenoxyacetic acid, and 1% agar (adjusted to pH 5.7) in the dark.
Purification procedure: The cultivation of the cultured P. americana cells was performed by incubating the flask containing solid MS medium at 25°C. The cultured cells in the stationary growth phase have been used for experiments. The cultured cells were homogenized in the presence of sea sand. The cells were extracted (x3) by MeOH. The MeOH fraction was concentrated and partitioned between H 2 O and ethyl acetate. The ethyl acetate fractions were concentrated and analyzed by HPLC. The H 2 O layer was extracted with n-BuOH. The n-BuOH fractions were also concentrated and analyzed by HPLC. The yield of the product was determined on the basis of the peak area from HPLC using calibration curve prepared with authentic samples. 
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